Abstract: Our nation can achieve its progress when the rural sector is uplifted as they constitute the major percentage of population.
Introduction
Energy is the core component in developing economy, in eradicating poverty and improving living standards. It contributes directly to meet both basic needs and more sophisticated human needs. India accounts for about one sixth of the world's population and about 40% of the people do not have access to modern energy. Out of the 87 million rural households not more than 30% have access to electric grids or modern cooking fuels. The people of the rural areas rely on kerosene for lighting and biomass fuels such as wood, animal dung and agricultural residues for cooking due to inadequate and unreliable power availability. The lack of access to modern energy has a negative impact on social and economic development and on the lives of the poor people. This is being increasingly recognized by the government and a high priority is being given to rural electrification so as to meet its economic, social, political and regional developmental goals. Although traditional strategies like fossil fuels based grid extension form a major part of energy supply in India, several problems like storage of fossil fuel, environmental constraints and higher cost are associated. The centralized grid system is not always the most effective channel for energy distribution to remote rural areas also is more harmful to the environmental and requires more extensive infrastructure. The advent of renewable energy technology comes as a solution to these problems. Reports show that it is more cost effective to install a decentralized renewable energy technology to provide electricity in rural areas than extending transmission grid from a centralization system.
Renewable energy sources and technologies have potential to provide solutions to the long standing energy problems being faced by the country. To meet the energy requirement for a fast growing economy like India assured supply of energy is required. The renewable energy sources like wind energy, solar energy, biomass energy, tidal energy, geothermal energy etc. can be used to overcome the energy crisis in India. About 33% of Indians present energy needs are met from renewable sources.
This paper gives an overview of the energy consumption status in India, potential of renewable energy sources and their varied applications in the rural sector.
Energy Trends in India
India is one of the densely populated nations of the world with a population of more than one billion. In the coming decades, India will face energy shortages critically due to increase in energy prices and energy insecurity. India had a GDP growth rate of 9% for the fiscal year 2007-2008 which makes it the second fastest emerging economy after china in the world. So there is an increasing demand for energy, which is currently satisfied mainly by coal, foreign oil and petroleum. These sources being non-renewable do not offer a permanent solution to the energy crisis and have negative impacts on environment. The time has thus come for the booming Indian economy to switch from non-renewable sources to renewable sources so as to achieve energy security.
The development and use of renewable energy sources and technologies are important for sustainable economic development of India. The expert consultation at Asia energy vision 2020 organized under world energy council agreed on energy demand projection in India up to 2020 as given in table 2.1. installed capacity by 5.6-7 times the current level and oil requirement by 3-6 times the current level [1] .
Renewable energy in India
Sustainability can be achieved in energy supply by promoting energy conservation measures and increased use of the renewable energy sources. India is determined to becoming one of the world's leading clean energy producers. As on October 2015, total thermal installed capacity stood at 195.6 GW, while hydro and renewable energy installed capacity totaled 42.5 GW and 36.5 GW, respectively. At 5.8 GW, nuclear energy capacity had increased considerably which otherwise remained the same from 2010 -15
For the 12th Five-Year Plan, a total of 88.5 GW of power capacity addition is targeted; of which, 72.3 GW constitutes thermal power, 10.8GW hydro power and 5.3 GW nuclear power. The installed power capacity in India is shown in fig. 2.1. In the 11th five year plan, the Indian government has set specific target for renewable energy by 2012 that it is expected to contribute 10% of total power generation capacity and have a 4-5% share in the electricity generation. This indicates that the growth in renewable energy occurs at a much faster pace than traditional power generation, with renewable making up 20% of 70,000MW of total additional energy planned in the 11 th five year plan. In hydro power generation water stored in a dam is carried through penstock which turns the turbine. The turbine in turn is connected to generator where kinetic energy of water is converted to electrical energy. A typical hydropower generation plant is shown in fig.2 .2.
Figure 2.2: Hydropower generation plant
Only about 17% of the vast hydro potential of 150000MW has been tapped so far. India ranks fifth in terms of exploitable hydro potential of the world according to CEA (central electricity authority) [2] .India is endowed with 
Biomass energy
Biomass includes solid biomass(organic non fossil material of biological organics),biogas (a mixture of gas produced by methane-based bacteria acting upon biodegradable materials in an anaerobic environment and consists of methane, carbon dioxide and small amounts of other gases), liquid bio fuels (bio-based liquid fuel from biomass transformation, mainly used in transportation applications) and municipal waste (wastes produced by the residential, commercial and public services sectors and incinerated in specific installations to produce heat and/or power). Other common forms of biomass are sugarcane biogases in agriculture, pulp and paper residues in forestry and manure in live store residues. The potential of different biomass sources in India are shown in table 2.5.
The common methods used to produce energy for biomass are: India attracts investment of overRs.600 crores every year, generating more than 5000 million units of electricity and yearly employment of above 10 million man-days in rural areas. The biomass production potential of some Indian states is given in table 2.6. Some of the applications of biogas in rural area are:  Low-cost fuel in for any heating purpose, such as cooking  Lighting purpose  To run any type of heat engine, to generate either mechanical or electrical power  Biogas can be compressed, much like natural gas, and used to power motor vehicles  Bio-slurry is an excellent fertilizer
Wind Energy
Wind is a widely distributed energy resource. Total world wind capacity at the end of 2006 was around 72,000 MW. Wind energy is being developed in the industrialized world for environmental reasons and it has attractions in the developing world as it can be installed quickly in areas where electricity is urgently needed. Wind energy is the fastest growing renewable energy source in the world. The worldwide installed capacity is growing at a rapid pace of over 30% per year due to declining cost, technological advances, and revenue for landowners, tax jurisdictions and consumer.
In many instances it may be a cost-effective solution if fossil fuel sources are not readily available. In addition there are many applications for wind energy in remote regions, worldwide, either for supplementing diesel power (which tends to be expensive) or for supplying farms, homes and other installations on an individual basis. The availability of wind varies for different regions. Wind resources can be exploited mainly in areas where wind power density is at least 400 W/m 2 at 30 m above the ground. An annual mean wind power density greater than 200 W/m 2 at 50-m height has been recorded at 211 wind monitoring stations, covering 13 states and union territories, namely Andaman and Nicobar Islands, Andhra Pradesh, Gujarat, Karnataka, Kerala, Lakshadweep, Madhya Pradesh, Maharashtra, Orissa, Rajasthan, Tamil Nadu, Uttaranchal, and West Bengal. India's wind power potential has been assessed at 45,000 MW (Table 2. 
Tidal energy
Tidal energy is one of the best available renewable energy sources. The reserves of oil and coal are limited and rapidly dwindling. Besides, oil and coal cause enormous atmospheric pollution both from emission of greenhouse gases and from their impurities such as sulfur in the fuel. Tidal energy is clean and not depleting. These features make it an important energy source for global power production in the near future. To achieve this goal, the tidal energy industry has to develop a new generation of efficient, low cost and environmentally friendly apparatus for power extraction from free or ultra-low head water flow.
All existing tidal power plants use the same design that is accepted for construction of conventional river hydropower stations. The three principal structural and mechanical elements of this design are: a water dam across the Sow, which creates an antiracial water basin and builds up a water head for operation of hydraulic turbines; a number of turbines coupled with electric generators installed at the lowest point of the dam; and hydraulic gates in the dam to control the water Sow in and out of the water basin behind the dam. Sluice locks are also used for navigation when necessary. The turbines convert the potential energy of the water mass accumulated on either side of the dam into electric energy during the tide.
Status of Rural Renewable Energy in India
The global status in the adoption of rural renewable energy system is shown in table 2.8. India recognizes the importance of expanding access to modern energy services for their rural areas through the development of renewable energy .In India, over 3000 remote and inaccessible villages and hamlets have been provided with basic electricity services through distributed renewable power system. India is the largest producer of world's rural solar home system and biomass gasification. India's installed capacity for small hydro was 1850MW as on 30 September 2006. Rural application of solar PV increased to cover 340,000 home lighting systems,540,000 solar lanterns and 7000 solar power water pumps. There are 600,000 solar cookers in use. India achieved 70MW of small scale biomass gasification system or rural (off grid) power generation. Currently biomass helps to meet 70% of the of the basic energy needs in the rural areas veering almost 70% of the population in India. About 100,000 biogas plants and 16,530 SPV lighting system were installed which created a large no. of employment and income generation opportunities, especially in the rural areas. In addition 100% producer gas operated engines were developed and desolated in several villages for rural electrification. Over 150,000 sq. meters of collector area has been installed for solar water heating in the domestic, industrial and commercial sector in India. As a result the coverage of the cumulative installed collector area has increased to one million square meters.
Renewable Energy for Environmental Sustainability
The current pattern of energy use and economic growth has been creating lot of environmental problems -polluting the air, creating large quantities of waste, degrading biological systems and accelerating climate change. At the same time, the lack of access to energy services creates many social concerns, including poverty, ill health, unemployment and inequality. India stands fourth in the consumption of oil globally. About 70% of total greenhouse gas emissions are related to energy, mainly from the combustion of fossil fuels for heat, electricity generation and transport. There are several options to reduce green house gas emissions including energy conservation along with increasing efficiency, better energy management, cleaner production and consumption, and changes in lifestyles. Renewable and other more efficient technologies would also help mitigate climate change. Overall, countries can foster science-based decision-making that creates incentives for cleaner and more energy-efficient economic activities while increasing people's access to modern energy services.
Renewable energy development is considered in India to be of great importance from the point of view of long term energy supply security, environmental benefits and climate change mitigation. The Integrated Energy Policy report has recognized the need to maximally develop domestic supply options as well as the need to diversify energy sources. The Committee has placed emphasis on higher use of renewable in all forms of services. It is expected that the contribution from renewable in power generation alone can be of the extent of 60,000MW in the year 2031-2032.MNRE has included in its mission: energy security; increase in the share of clean power; energy availability and access; energy affordability and energy equity.
India's Financing Environment for Rural Renewable Energy
For nearly 40 years, India's significant efforts have gone into the design, development, field demonstration and largescale use of a number of renewable energy products and systems [3] . The project envisages generation of power to meet captive sugar plant requirements, cement plant requirements and export of about 10.85 MW of surplus power during season and 14.70 MW during off-season, to the State grid. The project uses bagasse generated from the crushing operations of the sugar mill during season, and stored bagasse, cane trash and coal during off-season. The project was completed in a record period of 18 months. It achieved a PLF of around 90% in the very first year. The cost of the co-generation project was Rs. 501.7 million. The technology used was indigenous, except for the turbo-generator, which was imported. The project has generated direct employment opportunities to about 100 persons and has also contributed to economic development of the area.
Conclusions
Energy security, economic growth and environment protection are the national energy policy drivers of any country of the world. The concerns on energy crisis can be solved to a great extent by the adoption of renewable energy sources for electrification and to meet other energy needs. Therefore increased focus is being laid on the deployment of renewable power that is likely to account for around 5% in the electricity-mix by 2032. Alternate fuels, essentially biofuels, are proposed to be progressively used for blending with diesel and petrol, mainly for transport applications. Specific measures are being increasingly adopted to promoting deployment, innovation and basic research in renewable energy technologies, resolving the barriers to development and commercial deployment of biomass, hydropower, solar and wind technologies, promoting straight (direct) biomass combustion and biomass gasification technologies, promoting the development and manufacture of small wind electric generators, and enhancing the regulatory/tariff regime in order to main stream renewable energy sources in the national power system. Finally, renewable energy provides enormous benefits and can contribute significantly in the national energy mix at least economic, environmental and social costs and it is expected that the share of renewable energy in the total generation capacity will increase in future. The adoption of renewable energy technologies have particular significance in the rural sector which are discussed in the paper. The energy needs once met will in turn lead to the improvement of overall standard of living of the people and thereby nation's progress.
